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The purpose of this study was to develop a derivative
of the Cost Qriented Resource Estimating (CORE)Y lite cycle
cost model that calculates operational availability in
addition to costs. The availability output acts as a
measurable surrogate for supportability and facilitates
comparison of alternative weapon system designs.

The impetus for developing a modified model séems from
a general difficulty in evaluating supportability in new
weapon systems. We understand performance, cost, and
schedule and we can measure those things fairly well.
Supportability, on the othesr hand, is not as well
understood, nor is it 2asily measured in the early stages of
system development.

My appreciation and thanks to my advisor, Lt Col John
Long and reader Mr. Roy Woad. They were helpful, patient,
and made this experience interesting and satisftying. [ also
found the advice and assistance of Don Breidenbach and Lt
Danieiie Rodgers ot the Life Cyrcle Cost Management Division,

H@ AGD to bes crucial to the development of the methodology.
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\ Abstract

In recent yeairs, interest in weapon system
supportabil ity has grown (remendously. Coupled with this is
a complementary emphasis on life cycle cost analysis. Both
arise from 3 concern that weapon srystem ownership costs are
extracrdinarily high and that improved understansing of
supportabil ity issues and their effect on life cyvcle costs
can resylt not only in dollar savings, but also in increased
systam readiness wnd capability. These considerations led to
deveiopment of a methodology for comparing ownership costs
and supportability that enables Program Managers to more
easily evajuate design tradeovfs. The methodology involves
use of a modified !ife cycie cost model thet vields ag
outputs both relative cost and supportability, where
opeicational availability acts as a measurable surrogate for
supportabil " ty. The modified model uses the DOD s CAILG
approved cost element structures in an attempt to use
costlavailabiiit bty output o support of Defense Systems
Agu i st tiron Review Douncii (DHARC) milestones. The
methaodol agy 15 applied to a sampie data base from the HH-SDD
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A FURLHER EXAMINATION OF OPERATIONAL cVAILABILITY

IN LIFE CYCLE COST MODELS

I. Introdugtion

Querview

In recent years, interest in weapon system
supportability has grown tremendously. Coupled with this is
the complementary emphasias on life cycle cost analysis. Both
arise from a concern that weapon system ownership costs are
extraordinacrily high and that improved understanding of
supportabilifty issues and their effect on life cycle costs
can result not only in dollar savings, but in increased
system rradiness and capability as woi!;

This thesis is an extension of an eariier e¢ffort b~
Captain Thurman Gardner entitied @n wmination 0Of
Qpegrational Availability In Life Crgle Cost Models. Inm it,
the author demonstrated that operational availability
MeasuUres can be used as a surrogate for supportability Cin
that i+ the system is available, then it 18 supported) and
that operationa! svailability could be incorporated into the
Logrstics Support Cost (LSC) HModel to give cumparative
avatiability and dollar vosts as outputs. He reasoned that

thig kind o anformation wouldgd permil 2 perogr < wmanager o

L



better weigh supportability and cost issuves during the
weapon system acguisition process. This effort will attempt
to further validate the use of operational availability as &
supportability surrogate, and will apply availability to &
model that, un!ike the LSL variety, uses the DOD Cost
Analysis Improvement Group (CAIG)Y approved coxt element
structures. The model to be used is one rejected by Gardner
as difficult to modi$y; the USeAF Cost Oriented Resource
Estimating (CORE) Mode!.

How doas availability relate to supportability and the
acquisition process?

Operational! availability in wartime is a necessary
requirement i€ the United States Air Force is to
successfully project airpower in support of national
objectivea. Not heeding this principlie can have unfortunate
consequences. The Karean Conflict provides the folilowing
example:

Initial Provisioning for the F-84 was Dased on
peacetime consumption rates. Hence, the 3Jist Wing’'s
unprogr ammed conversion to F-88E s severely sirained
logigtical support. By January 1952, 43 percent of the
war committed F-84A and E fighters weie out of
commi4sion for want of parts or maintenance. Theater
sypplies of external fuel tanKs, without which the
range Yimited F~84"s were badly bhandicapped, 2180 were
nearly exhausted. "Petesr Rabbit, ;" a crash proiect for
ouying & I year suppiy of all urgently nesded | temns,
solved most oOf these problems, but ¥ toukK severyd
months [12:38]),

By no means were Kor=an based F-B47= in 1998 a unitoaus
¥

probilem. As the decades of the B0 s stacisd, somilare
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incommission rates were experienced by peacetime fighter
unite stationed in the United States. Supportability
prublems JikKe these repeatedly arise, not because the Ajr
Force fails to learn from history, but because, during the
weapoen system acquisition process, performance and
supportabitity c~iteria must be weighed against constrained
and uncertain funding.

Unfortunately, as the process goes on, supportability
ciriteria often *lose out” in the budget fight with
pirformance because of uncertainty about supportabilityy
what it means, how much is enough, and how much it rezally
costs. Understandably, program managers have difficulty
balancing life ~ycle costs and zupportability against the
requirement to produce a capable system within time and
budget constraints. As a result, support equipment,
manpower , spare parts, and a houwt of other logistics
elemmenty can fail! to get the attention and funding they
deserve. Ultimateiy,; underfunded operations and support
tactors can drive downstireaw costs for the deployed weapon
system beyond planned levels. The resulting dollar costs are
enormous, but costs are also felt in terms of overstreiched
manpower and lTow operational availability.

Srstem readiness i1s aat drivon by support factars
done, for design tactors alzao apply.e I+ low levels of

fetrab ity andoar maintainahil iy are desigoned an, they
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cannot necessarily be compensated for with more tools,

higher manpower levels, or more money. s Morthrup”’s

chairman and chieof executéue officer recently noted, L
oo tOoo many of our current weapon sysiems require
extraordinarily costly logistics support, and even with o
such support they still are not capable of sustaining o
their performance during an intense or prolonged
conflict [11:131.
Underfunding those acquisition activities that preclude

these design problems can also drive downstream costs. The

program manager then must concern himsel§ with injecting

capability intec the syatem’s logistic support structure and,

thus, optimizing a supportable design while at the same time

minimizing life cycle costs. He can succeed only through

appropriate ézsign tradeotfs, but, again, uncertain

visibility with regard to supportability requirements in the

life cycle costing process can render affordable supported

sratems an elusive goal indeed.
The problem, stated Driefly, is to find a way to reduce

uncertainty in cost/supportability tradeoffs. A current

weakness in life ¢crole cost analysis is the difficulty of

realistically evaluating supportability. 1§ supportability

can be soundly devined and gquantified in a way that takes

into account the many fa.wors that can piague deploved

uperations, then uncertainty in costssupportability

tradeatfs should decreass. The PP owiil better underst and boms
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much supportability he or she is getting and whal it will

cost.

Detinitions

Defining supportability is not easy. OUD Direclive

SO00 .39 defines it as foilous:

Supportability: The degreas tc which wyeten design
characteriatics and planned logistics resources,
incliuding manpower, mest system paacetime readiness and
wartime utilization requirements [23:2~-2],

DOD Directive 300640.39 also defines the syatem readiness
objective in terms of, among other things, opecraticnal

availabitity.

System Readiness Qbjective: & criterion for assessing
the abiility of a syrstem to undertake and sustain a
gpecified set of missions at planned peacetime and
wartime utilization rates. Sysiem readin ss measures
take axplicit account of the effects of system design
R&d4, the characteristics and performance of the support
system, and the quantity and location of support
resources, bxamples of syatem readiness are combat
sortie rate over time, peacetime mission capable rate,
operational availability, and asset readyr rate [23:2-
3].

A usetul reference was provided recently by Mohe and Coirner
[14:33] who acknowledged -3st constraints while astating:

*FSupportabiiity 13 synonrmous with economically sustainable

g -
5
k-
EE

usabitity, A weapon nostem iz supportable to the extent that
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it’s operational wse can be sustained at an affordable
cost.” Mohr and Corner distinguish bhetween what is
theoretically achisvable oand what is economical ¥y
sustainablie. They point out that acquisition strategy often
focuses on the theoretically achievable while it fails to
cross the bridge to practical requirements (economic
sustainability). "It is not theoreticas! sower, but practical
{useable) power that counts. To be effective, weapons
systems must be Kept ugseable —~ must be Kep! coperational
{14:331." Mohr and Corper look to the various availability
measures as the Key to reaching bevond theoretically
achievablie and achieving economically sustainable, or
supportable, weapon syetems. This Kind of reasoning leads
one to conclude that a close Peiationghip be tween
supportabil: ty and availability may be reasonably inferred.

Froam the Cﬂmﬁgﬁdiq@ gﬁ Authenticated Systems and

Logistics Terms, Definitions and Acronyms [(17:81), comes the

tollowing definition:

Availability is a measure of the degree to which an
ttem is in the operablie and commitablie state at the
start of the mission when the mizssion is called for at
an untnown (random? time Cinherent availabilityy (MIL-
STR-7Z1IB/AR 705-30). For OT&E purposes, availability is
considered synonvmous with operational resdiness. AFR
BO-1470FP 200-7)
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Bianchard (4:68) describes three treatments of

availability.

1. Inherent Quailabrility:

YRS HMIBE 1)
' MYBF + MTTR
Where
A ie inherent availability
MTBF is mean time between failures
MITR is mean time to repair

MYBF accounts for +ailures for which a contractor could be
held legally accountable. MITR includes aonly those
unscheduled maintenance actions, or direct, active
maintenance time, needed to restore the failed item to
operational status. Not included is Ingistics delay time.

Schedulied mainterancy tasiks are also not included.

2. Achieved Availabiiity:

Ag = _ MITE (23
MTHEHM + M
Wheire
Ay 1% achieved availability
T B 19 mean time bDetween maintenance
(5] s mean active maintenances time

MTEM includes preventative (scheduled) maintenance and

Farviures tunschedduledy maitnltenanas . M o acoaunts vror Doth

e et acenr e i . .
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types of maintenance actions. Ayain, logistics delay time is
ot included.
These two terms, inherent and achiewvabie availability
are cbjectively measureable, contractually enforceable, and
are expressions of the "theoretically achievable® that are ;
used when deal ing with contractors £[16:341.
Unfortunately, these term’s Achilles heel is the
+ailure to ‘nclude logistics deltay time. This factor -
accounts for supply delays, work stoppages for lack of
manpower, tools, facilities, POL, and any other of a myriad
of factors that cause systems to remain inoperative when -
they shouldn’t be. In order to achiwsve the “economically
sustainable” then, we must lcok at another definition of

availability. -

3. Operational Availabiltity:

Ay = MTBM (3
MTBM + MDT
Where
Ag is operational availability
MOT is mean maintenance downtime
MTBM ie mean time between maintenance

MDT 1s the factor that includes the less—than~ideal aspects
aof the real wortd logistics envirommment. This equation does
put assume an abundance of taols, spares, and manposser . [t

tarces constderatron of those tssues and hiabhiights the

P AT b BN OE A s
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I operational availability measures the “"custainabie”

in "economically sustainable” then measurement of the

®
"economical® is done through life cycle costing. Air Force o
Ragulation 800-i1 defines iife cycle cost as
"the total cost of an item or system over its full &
life. It includes the cost of development, acquisition, S
ownership f(operation, maintenance, support, ect.), and,
where applicable, digposal® [19:1].
The LCC approach to cesting came out of rising ‘i
concerns during the 1970°s that ocwnership costs were, in
some cases, far in excess of developmwent and acquisition
costs., (See Figure 1.2 Clearly these coste had to be :ﬁ
brought under control. While earlier concepts within the
design to cost framework focused on dewelopment and
acquisition costs, LCC went further and allowed program @
managers to consider downstrzan operations and support cnsts -;
as well. AFR 800~-11 also defines the purpose of LLC: “The }Zﬁ
use of lite cycle cost is not intended to make minimum cost Q.
the predominant factor, but to insure a proper balance
between coust and system effectivenegs [19:21.°
@
Background S
The A Force Acquisition Pracess. The backdrop for ®
this discussion & the acaquisition proceszss ttseld. Briediy
®
F
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the process consists of four phases: concept explocation,
demonstration and validation, fuli scale development, snd
production and deplioyment. (See Figure 2.3

The concept exploration phase hegins with a need
developedd during the requirementis determination process, ’
This need, articulated in a justification for major system
new ztart (JSMNS), goes to the Secretary of Defense, who
insues guidance through the Program Decision Memorandum i
(PMD? and who avthorizes the acguisition community lo
proceed.

During the concept explioration phase, initial studies i
are conducted to determine operations and maintenance
concepte, costs, schedule, readiness objectives; and
affordability. These items are included in the system y
concept paper (SCP> and are evaluated at Milestone I by the
Defense Systems Acquigition Review Council (DSARC). &

decision to proceed at Milestone ! authorizes the Aic Force

T

to enter the demonsiration and validation phase. Now t.e
system is further defined thraugh testing and study until
Milestone 11.

If there is a decision to proceed, then the full scale
vevelopment phase begins. The System prototrype 18 burit and

tested. (in some cases, full scale devalopment is started i
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before Milesntone 11, The intention in fuch cases is to
hetter define acquigkition aobjaclives before major resource
appl ication increases ocCur.) By the end of the fuli scale
development phase the system s ready tor production and
depliovment. [f desigun and coat threshoelids have not been
excacaed, thzn the deployment can proceed based on the
Milestone Il decigsion of the Air Force Systems Acguisition
Review Councii.

Literatyure Review. Guidance on the use of cost
analysis is found in DODI 35000.2. 't requires that cest
information be submi tied to the DSARC for use in their

decision makKing:

Cost sffectiveness analysis forr al! major acguisitions
shall be perforined by the DOD components to support
milestone | and milestone II, and shall be provided to
the Dirszctor, Prog am Analykis wnd Evaluations, along
with the draft SCP ... [22:5]3.

QODD J30008.1 alée addrisses the issue of life cycle cost

planning and it's relation to operational effactiveness:

A cost effective balance must he achieved among
arzquisition costs, cwnership costs of major svstems,
andd system effectiveness 1n terms of the mission to be
performaed [21:13).

DOD Darective 3000.1 cdescribes some othse basic goals of

the aocqguisition process:

mpr cereet peaddineass andd sustainabhr bty are petinary

pirtectiives of bthe acqguisition process,. Resouroes

Lo
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achieve readinesgs will receivs the cane emphasis as

those required to achieve schedule or performance

objectives. A3 a managenent precept, operational
sustainability f depioyed weapon srstems is an
objective of equal impartance with operational
gffectiveness [2Z1:2).,

Ciwarly, the emphasis on the readiness objiective moues
supportability issues to the upper end of the program
manager ‘s list of priorities. In the past, program managers
were evaluyated on their ahility to meet performance and
schedule objectives while developing new weapon systems. Ag
costys rose, more and more visibility was given to wars to
control acquisition costs and Keep systems affordable.
Today’'s fiscal constraints force the acquisition community
to protect funding for readiness and support of new §Y5tems
and to seek ways to control downstream operations and
ﬁupbort costs (synanymous with ownership costs) through the
consideration of life crale cost. Expensive weapons simply
cannot bhe procured in large enough numbers to allow some to
st around in an unserviceable state. Support and readiness
atfordability issues then, must be addressed anc are
prominent in the pages oFf DODRD S0600.1.

I+ operational availability can be comb ned with a Tife
crele cost model, then a program manager should find the
resulting outputl data useful In assessing the future
readiness of hig systom,

Gardnee "3 earirer sffori examined scsvsyal Tide oorta
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operational availability as an output. Some clearly could
not be modified because the models could not accept input
data to match any availability equation. Qthers were
considered workabie and Gardner finally settied on the
Logistic Support Cost (L3SC) Model as the easiest and most
straightforward.

While he succeeded in showing that operational
availability can be a useful term in analyzing cost and
design traceoffs, the LSC Model has a significant
shortcoming in that it does not use the approved cost
element structure for aircraft put out by the Cost Analysis
Improvement Croup (LAIG) in 1980 (Table I). The coust element
structure was standardized in an attempt to deal with the
issue of comparability in life cycle costing. L2cision
makKine is difficult when various models use different Kinds
ot datax and generate ocutput that cannot be easily compared.
As a result, the LSL Model is not really as uvseable (as i1s
the Cost Oriented Rescurce Estimating Model for example) in
any attemptl to reduce uncertainty further through the use of
operational avatlability because 1t'3 output carnnot be used
in the DSARC process.

Gardner rejected The CORE Mode! as difficult to work
with, bult considered tt useable. Hawever, this effart will

concentirate on the CORE Model, because 1t

e app e oved




Tabte I

Operating and Support Cost Flements (Aircraft) (2:9]

OPERATING AND SUPPORT COST

UNIT MISSION PERSONNEL WNDIRECT PERSOMNNEL SUPPORT
Aircrew Miscellaneous QOperations and Maintenance
Military Medical O&M Non~Pay
Maintenance Permanant Change of Station
Military Temporary Additional Duty Pay
Civilian
Other Unit Personnel DEPOT NON-MAINTENSNCE
Military Generai Depot
Civilian Yecond Destination VTransportation
UNIT LEVEL CONSUMPTION PERSUNMEL ACQUISITION AND TRAINING
Petrolaum, Oil, Acquisition
& Lubricants Individual Training
Maintenance Material
Training Ordnance INSTALLATION SUPPORT PERSF MNEL
Base Operating Support
DEPUT LEVEL MAINTENANCE Military
Airfrane Rework Civiltan
Engine Rewory Real Property Maintenance
Component Repair Military
Support Equipment Civiltian
Software tHedical
Modifications Miltitary
Gther Depot Civilian

Contracted Unit
Level Support

SUSTAINING INUVESTMENT
Replenishment Spares
Replacement Hupport Equipment
Moditication Kitls
Other Recurring Investment

Y e Beravaosadiag iy . ™ " n Svet sia it 2555 28 . .Y s s B on L PN
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aircratt cost element structure, to fur ther validate the
utility of operational availability in reducing uncertainty

in LCC analysis.

Reszarch Questions

1. Is operational availabi®! - a suitabie surc-ogate for

supportability when used 1 LCC analysis?

2. Can a life cycle cost mude! that uses the CAIG approved
cost elament structure be modified to give cost versus

operational availabiliity as an output?

Regeanrch {(bjsctive

Pat

The ~esearch objective (s 1o examine how operational
availability, representing supportability, can be
incorporated into a suitabie 1ide oyole cost model! in order
to provide useful comparison data to the progran manager.
The overall purpese of such output data 1s to improve the

visibitity of supportability issues 1o the decision mak:ayg

provess.

-
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I1. Methodology

This chapter provides an overview of the specific steps
taken in this project to solve the research problem. These

steps were designed with the intent of reaching a correct,

sound conclusion.

Orientation to Subject Matter

The first step, as in any research project, was tc gain
an appreciation of the subject at hand. This was
accompl ished throigh a systematic revisw of various sources
of literature to include general articies, DOD publications,
textbooks and unpublished research manuscripts. Berause
this project is & follow on to LSSR $7-83, *aAn Examination
of Operational Availability in Life Cycle Cost Models,"the
orientation process was greatly simpiified.

In that earlier gffort, the author had scught an
incesased understanding of the maljor comporents of his
research, arailability and life avole custing. Im addition,
thrs ecuthor brought in a thierd term, supportability, in

arder o strengthen understanding of the 1ink between it and

)

avatiabri by, ihis satisfied the firel vegearch guestion.
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Mode! Analysix

The second step of this research was to identify the
shortcomings of the Logistic Support Cost (LSCH model and
select another mocdel that met applicability critecia and
overcame the LSC models shortcominga. The obiective nf this
analysis was much |ikKe Bardner”s: "...to find a model! that
could specifically address availability and evaluate the
impact of design changes with respect to syastem availability
and costs [7:181°,

In his anaiysis, Gardner [7:135) jisted three major areas i

of concentration in his applicability criteriag

1. Which of the phases of a system’s life i3 the mode! {
directed at?

2., Dogs the mode! evaluate, estimate, or uve
availability andsor R&M parameters?

3. Can the model be adapted to evaluate avaiiabiiity?

T

§
There were five modeis considered by Gardner (Table 1V,
Those same five wers briefly considered again here, hat one
more criterion was svalunted:
L]
4, Does the model uvse the CAIG approvedd coat e lement
structure?
§
Fe stated betore, the LSO model oo et weeld Ihig lawgd?
cofil Diwre, Do Fact, of the $rus, ity The CHRE modded cosa .
&
&
%
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Table {1

The LLCC Models Surveyed by Gardner [7:141]

i. Cost-Oriented Resource Estimation (CORE).

2. Development and Produc ion Costs of Aircraft
(DAPCA)Y .

3. Logistic Support Cost (LT,

4. Logistics Cowmposite (LCO).

5. Frogrammed Revisw of Intormation for Costing
and Evaluation (PRICED.

Gardner also noted that the CORE model would be
difficult to adapt to meet this objective. Help came in the
form of another model that had not vet been released for
general use, The Initial Support Investment And Operating

fAnd Support (0&S5) Cost Model (also Knawn te its developers

as CORE F) brought with it two qualities that eased CORE
adaptation considerabiy. It uses the rame basic variable
structure as LSC, and it uses the CAIG approved cost element
structures. @s a result, the CORE F model meeils all of the )
applicability criteria licsted in both Gacdner's research
eftort a ¥ th . one. Morecver, its ouwtputs constitule some
ot the nhut fastors for CORE tssit. Hence, CORE ©F provides
a convenient brydge e tween LSO and CORE.,
fhe Prig ol e b ter bake thae Ve taed the o te Gy Ul o=
“ Ehess i0tdRE e b aneah menoiny Lt yiue ! !
e ) e
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operatianal availability as an output. This would begin to
satiafy the second research question.

Modiftication ot the CORE F model required several
actions., Selected cost elements had to be Huilt into new
algorithms to incorporate operational availability into the
madel . Both the selected cost elements and later, the
algorithms were checked «ith LCC analysts to confirm
validity., Test data was gathered and run through the
algorithms as a further check and then adjustments wuere macle
ag they became necessary. The Qround rules that Gardner used
to select the data were good ones and g0 much of the same

data bDase was used anain here (Table 11K3.

Table 111

Data Selection Criteria

i. Selecticon of data from combet syaltems was siressed
bBecauss their readiness or avaitability was assumeaga to
e more oritical than non cowebat systems.

2. The ¢ "a selected wag Ffrom the subsystem foouel
rather an from the entire system (ar end i temd level
in order to staplity the comoutations while stiil
accomplishing the research objlective.

2. R&M dats was expressed in aperational tevms whenever

possile zince gperational values incliude the coamb: ted
gtfects of several real world operationsl faovors.

PO TS T
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Fioally, a demonstration run wags made of the modified
CORE F model uzing the data used in the modified LS5C ;
analysig. This demonsiration was not intended to secend
guess decisions made in any program, but to show that the
modified model is useful, Drawing any “"real world" l
conlusions from these computations is risky in any cause
because of sone data base lTimitations that are further

explained in Chapter 4.

implications and Cancl ion

Modifrying the CORE F model and using it and the ;
inforimnation and data collected in a sample anplication A
answéred the research gquestions and met the objective. Based
on the implications and conclugions, areas for further

regearch were identified.

Al - o Wi Tt el r S e it e ~ s - 2 ey . 4 — e C T ST T U R S T T L S P T T




bl s e g

ket

Modifying The Models

existing L5C input lis

ITl. Model Apalysi s

In his earlier effort, Gardner addressed the issue of
incorporating operational availability into the LSC model.

He took reliability and maintainability factors from the

t and applied them to the follawing

equation for operational availability [(7:248]:

Ag = QT+3T
OT+ST+TPM+TCM+ALDT (&)

where

aT is operational time

ST is standby time

TFM is total preventative maintenance time

TG is total corrective maintenance time

ALDT is average l1ogQisftics delay time

Remembering Blanchard”

that

MTBM = OT + 8T

arvict

S el S P

s eguation given in Chapter 1, note

¥

-
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MDT = TPM + TCM + ALDT. (&)

The author took the availability output from this
equation and merged it with the LSC cost figures to come up
with a new measure for competing components. Instead of
measuring‘the difference in costs ( Ac) for different
componente, the new measure was the change in availability
per change in cost (or [&AO/ZXC) (3. The program managers
who use this Kind of information could now makKe informed
Judgements regarding the tradeoffs between cost and
supportability (7:511.

0f course the LSC model’s limitations, as mentioned
earlier, do not allow use at DSARC milestone decisions. The
ocbvious solution to this problem is (o similarly modify the
CORE analyesis %0 include operational! availability,.
Unfortunately the CORE input factors don’t readily fit the
equation for operational avarlability. The input list for
the CORE model has to be expanded.

Part of the solution lies in a new LCC model deveioped

recentiy by cost analysis experts at Aerconautical Systems

]

Division (3], Called CORE F, this mode! takes component
level outputs from LSC and vonverts them by means of Ci%s to
yeariy system level inputs for CORE. dAn expanded input
variabile Tist will atlow a modified CORE F model to do the

same Cost cersus opsrationasl avarlabet iy analyai s as Lhe




modified LSC can do now. The advantage gained 13 that this
analysis i¢ done at system level, is year by year, and uses
the sams CAIG approved cost element structures that higher

level managers likKe those at the DSARC would wish to see.

The Models

In order to place the LSC and CORE modelis in
perspective, a brief overview of LOC models is in order.
These models are generally of twe typez: the 1arge compliex
simulations lTikKe L-COM, and analytical models. Analrtical
models employ three techniques: analogy (sstimates Dased on
"expert opinion®), parametrics, and engineering (a precise
appiroach that requires a detailed data basel. Modeis using
parametrics are characterized by the vse of cost estimating
relationships (CER7s). These equations can be either factor
basea (usualiy these Yactors are chosen through common sense
or expericonce) or regression based {(derived through a
statisvical regression method such as isast squaresd [1471,

Timing iffects the use of these various model types.
Simulations and engineering are generaily used in the later
acavisi) tion stages because of their need for large
quantities of firm data. This data generally becomes
available well atter the conceptual phase when 50 many
e tegal decrsrons are made LIAdl, Snaiogy i parameins oo,

iy the axthe Branidd, ks guealils sar ey oty the
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The Logistic Support Cost (1.85C) Model. The LSC, or

Logistic Support Cost, model is a factor based parametric
mode i that Tooks at operating and support costs ower the
Tife of a srstem. It sums logistics support costs over
eleven areas: [¥:24]

v Initial and replenishment First Lire Unit (FLID
spares cost,

2. On-equipment maintenancs cost.

3. Qff-equipment maintenance cost.

4. Inventory management cost.
. Support sguipment cost.

4. Personnel training cost.

7. Management and technical data cost,.

8. Facilities cost. .

?. Fuel consumption cost.

10. Spare engines cost.

i11. Software cout.
Both inputs and outputs are at the component and
subcomponent level. The inputs required are Fairly extencive
and must be gathered for each componsnt. This mods! (5 not
generally used for system level analvsis since 1) the cogh

categories 1t deals with are different from thoss the DSAERD

s

Tookes at ard (22 a typical srystem has many compoanenis o

board and the amaly iical manhoues e Grrrread Lo i o4 Sy u bem
Pewe ) maalblvssw wanibd he sxbhortrrtacce D=0
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The Cgst Oriented Resource Estimating (CORE) Model.

The Cost Oriented Rescource Estimating model, ltikKe LSC, i5 a
factor based par ametric model. It, too, looks at operating
and support costs but, unlike LSL, looks at one year at a
time rather than over the system’s whole life. Alsoc unlike
I.LSC, CORE is a higher level model that uses system level
inputs and outputs. It also uses the CAIS approved cost
element structures (20:103,2:91. Losts are calculated for
right areas: [?:11]

i. Unit Mission Personnel

2. Unit Level Consumptiocn

3. Depot Level Maintenance

4, Sustaining Investment

5. Installation Support Personne!

$. Indirect Personnel! Support

7. Depot Non-Maintenance

8. Persornel Acquisition and Training

Net thwr model addresses the baltance wvetween cost and
availability (or any other measure of system readiness) .
Both address relative costs only.,

CORE F. The Initial Support Investment and Operating

and Support (J&S) Cost MHModel, or Core F, as it 18 bhetlter

Known, 5 a methodology and set of ground rules designed to
be used ndependent of the CUORD model . Howsver, the wulputs

Bprgid 3 2 S o, 5 P " . .
4. PRI S £ o iy P T I T Y. T T T



generated by CORE ¥ are used as inpute to CORE to compute
systems fevel estimates [10:21]. Input factors are, in most
cases, comon to the LSC model as well.

Core F computations cover three main areas that are

fur-ther subdivided as listed in Table IV,

To illustrate the !'ink CORE F provides hetween the LS
and CORE models, the replenishment spares calculations are

provided here with an explanation of terms.

First, the analyst compules the mean demand rate per
bage (Aéti) for some firet line unit (FLUW or line

replaceablie unit (LRU>.

(PEFH, ) (QPA; )

(M 2> (MTBD {7
t; = (RTS; (BRCT: + (WRTS;>(O0ST) (8)
wlhiere
i g2 the index identivying each LRU
BFFHy is peak monthly +orce firying hours
i operational rear, K
Qe i the quantity of identical LRUs per
applicatior
My s the aumber of active bhases {or sach
aperationail resr, K
MT R, ts Phe mean time hetween demandds n

Flhwing hours far the +th LR
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Table IV

CORE F Output Factors

1. Spares Equations

Pipeline Spares

Condsemnation Spares

Training Equipment Spares

Peculiar Support Equipment Spares

Replacement Support Equipment Spares
. Update Modifications

Reprocurement Data

2. Initial Support Investment

Training Equipment

Common Support Equipment
Peculiar Support Equipment
Initial Spares

3. Operating and Support Cogsts

Maintenance Manpower
Replenishment Spares

Repliacement Support Equipment
Depot Maintenance

3oF tware Support

Second Destination Te s sportation




RTS; is the fraction of the ith LRU remowals
repecable at the base level

BRCT is the standard base repair cycle time
in months

MRTS; is the fraction of the ith LRU removais
not reparable at base level

asT is the standard order and shipping time

in months

Note that @GPA;, RTS;, BRCT, NRTS;, and OST are all common
input factors for the LSC modei. OF the others, My and PFFHy
are constants, and MTBD; is used instead of LSC's MTBF (mean
time between failures). (In using MIBD, the model does not
consider on—-equipment maintenance where no demands are put

on the supply system.)

The mean demand rate per base is used to calculate STK;
(the total number of spares, iancluding safety stock for a

given base):

\ S
STK; = Ajt; + 1.8V A t; (9
STK,, another LSTU input tactor, 1s then used to caiculate
pipaline spares at syvatemw level using tne following

enquation:




e

X M
P8y = iF ) Mk_kﬁ (STK; Y (UC;?
FED §==
8] i -
T CPEFM  CAPA; Y INRT S ) (DRCT )
+ > ue ;»
bt (TR ) J 1)
=] ’
where:
PS8y is total cumuiative pipeline spares cost
per aperational year, K
M is the number of individual LRUs within
the jth 2-digit work unit code (WUC>
Uc; is the cunulative average unit production
cost for the ithi LRU
DRCT is the depot repair cycle time in months
Fj is the factor used to calculat: “RU (shop
replaceable unit) pipeline spares doliar
requirements for the jth 2-digit WUC
4 is an index identifring ezch 2-digit WUC
h 4 is the number of 2~digit WUCs
PGSy is used to compute the additional pip2iine spares

cost (APSEY. “APS, is computed as a series of annual

requirements wi th each year’'s requirsgment Deing the

additronal (delta) spares cost needed to suwoport the

mcreased number of airgratt and the aireased Py ong haur

program assoticted with weapos system phave-in [0z 33,

il
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APSE 18 then used in conjunction with other wimil wly
derived apares factors to calculate replanishment sparss

coat per operational yeur (RSy).

H+{ Hed K K K
kSx = 1APSSK + 1APSNy + 1088, + 1CSN, + 1PSESy
o= k=3 kaxi k=3 K=+ 1
K H K
+ ICSES, + ITEY, + IRPLSES) (12>
boaze =+ 1 k=i
where
n
: is a notation that identifies for each year, K,
K=1 the cost elemerts th t are to be added.
H ia the last yoar of production,
K is the snd of operational life.
1 is the first year of deployment.
K indev for operational year.
APSSK is the additional pipeline spares cost (APSK)
for stock listed "S° items
AP SNy is the additional pipeline spares cost (APSK)
for non-stock listed "N® items
CH5y is the annual condetn *ion 9p -es cost for
stock tisted °5% item:
£ ONg is the annunl condemnation spares cost for
non—-gtock .sted "N" items
Pk By its the annual cost of prouliar support
equipment spares
Cab Sy 13 the aanugal cost dor Comdon support

equipmant spares

PSP T U SR,

S s




TES) is the annual cost for training equipment
spares
RPLSES, 2 the annual cost for replacement support
rQuipment spares
Repleniashment spares cost per Flying bhour is easily
computed as:
Ry
ROBFHy = R —
TFEFH:. (13
where
THFHy ie the Ltotal force flying hours per
operational vear, kK, for all delivered
airtradt
RECHK, or replenishment spares per flying hour, is an
input factier for the CORE model! and corresponds to F40 in
AaFR 1 73-13.
RE F Yariable Combinations
Inturtiveiy,; 1t makes sense thel I¥ operaltional
availabs ity can be derived from 50 inputs, then the same
shoaid be possibles for the NORE model using CUORE ¥
wartabriey .
The Lrapstorm for operatronal swarlabilyiy, gruen

AQati
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OT ¢ BT + TPM + TCM & GLOT (14)

Gardner uvsed L3C variables to derive TPM, TIM, and ALOT.

Then he combined them into the follcwings [7:301

Ay = OT + ST/L07T + ST

* (CEMH + BOMH + PAMH ¢ BMH (UR/SMI D Y

+ ((BCMH + Patiiy ¢+ (BMH ¢+ IMM + BRCTIRTS) COVATMTEFS

+ ((MRF + MRO + 0BT + SR + TRORTS(OT/MYBE) S L1852

Wnere (122-1

BCHH

PORH

PR

—

281

is average manhours to pesreform a scheduled
periodic or phased inspection on the syrestem.

is the interval in flying hours betwesn
schedaled maintenance inspections

is average manhours to perform a shop bench
Check, screening, and fault verification on
a removed FLU or LRU prior to initiating
repair action or condemming the i tem,

is average manhours expended in place on the
installed system for preparation angd access
for the FLU or LRU; for exampls, Jacking,
unbuttoning, remouval of ather uribs ang
haokup of support cquipment .

15 average manhours to perform intermed:ate
teve! (base shop) marntenance on a temoued
FLU o LRU incioding fault tsolation,
renair, ang veritiozton

S S SN
[T & B 3
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BRCYT i averane bDase repair cycle time in months
TS fra-tion of removed FLUs/LRUs expected to he "
reprired at base level
MR avaerage manhours per failure to camplete off- v
equipment maintenance records -
MO average manhours per failure to complete on- -
ejuipment maintenance records
087 average order and shipping time in months; The
elapsec time between the initiation of a
request for a serviceable item and its receipt .
by a requesting activity
SR average manbours per failure to complete
supply ftransaction records
TR average manhours per failure to complete .
transportation transaction forms -
UR is th» peacetime utilization rate per
aircraft (hrs./mo.)
This representation accounts for the time that a system :
ig actually undergoing preventative and corrective A
maintenance fairly well., The average jogistics delay time QE
(ALDT) portion can be further develcped, howsver. .

From equaticns 14 and t5:

ALDT = COMRO + MRE + 08T ¢ S8R « TRY RTS (OT/MTEBT) 142

A

This results tn a pessimistic estimation of ALDT bhecause of
the RTS (repaicable this statrond factor,. Intuitively, wune
.

wosg bl gapect the ordeving and shipping factors (000 SR, and

,

(ot repatvaile this

fo o bie aawsan fated wiln bthe NE
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station) actione. Further, the record Keeping functions <MRD
and MRE) are accomplished any time maintenance is done. This

suggests the following equation for ALDT:
ALDT = (MRO + MRF + (05T + SR + TR NRTS)(OT/MTRF) K17 =

At this point, maintenance manhours and supply Jdelays
are accounted for. Still missing are several other delaring
factors that affect operational availabiiity and lengthen
system downtime. Amang thewm are facility delaye (hangar
space, engine run facilities, specialized fuel system repair
bars, ect) and support / test equipment delayvs (work stands,
fuel bowsers, ‘est sets, ect). These delsay factors vary by
weapon system and operationai concept and are includad in
this data list (Appendix B) ags subjective estimates only.
There are other factors that couid be considered, but these

two are incorporated into ALDT as shown:

QLDT = ((MRO + MRF + (OST + SR + TR)Y NRTS) + FACDEL

+ SEDEL)Y (OT/MTBF) {18)
where :
FailDEL is the delay factor for
reaquirad facilities

O T S o G b ks R X . o " e o B L al s B P O T N
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SEDEL is the delay factor for required
support v/ test equipment

Thus the new eqguation for Ao is:

fg = OT + ST/LOT + ST
+ ((SMH + BCMH + PAMH + BMH) (UR/SMID)
+ ((BCMH + PAMH) + (BMH + IMH + BRCT) RTS)(OT/MTBF)
+ ((MRF + MRO + <OST + SR + TR) NRTS)

+ FACDEL + SEDEL) (OT/MTBF31] (19

A prow wp arises in fitting this squation to CORE F.
When the variabie lists are compared, only RTS, BRCT, and
Q8T are common to both CORE F and LSC.As a result, the
variable list for CORE F must be expanded to include the
necessary manhour and logistics delay factors. A logical
place to start is with the maintenance manpower requirements

equation:

Y NJ
[ CPaag ) CURD (OUHEAC) b
MRy > / MR ) COPA, D |
| (MHFMP) CEFFAC) [on [, J
J=1 =
i ! .
[CPediO) CURY COUHFACY 5 ]
+] Y My, (29
{ (MHPMP) (EFFAL) -
- e
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where [10:123])

MMPy

Py

Us

MHPMP

CUHFaC

EFFAC

MMy,

QP&

oy T T R T AR TR T L T e e Y

is the maintenance manpower requirement for
operational year, K

is the primary authorized aircraft per
agperational yvear, K

is the peacetime utilization rate per aircraft
thrs./mo.)

is the total availabie manhours per person
per month

is an overhead factor applied for chief of
maintenance and PMEL overhead

is an efficiency factor for manhours

iz the number of 2-digit WUCs (19 thru ?29)
is the number of 2~digit WUCs (01 thru 09)
is an index identifying each 2~diqit WUC

is the number of LRUS within the jth 2-digit
WuC

is the maintenance manhours per fiying hour
for LRUZFLU "i®

if the maintenance manhours for support and
general WUCs (01 - 09> for the "mth" 2-digit
WUC

is the guantity of identical LRUs/FLUs per
aircraft

The maintenance manhour factor (MMH; ) can be restated

tn terms of LSC manhour variables. Because MMH; is expressed

in terms of manhours pev flying hour and the LS variables

are expressed

in average manhours per maintenance action,

the LS variables must be converted tao reflect HﬂHt T TN B




MHAFH + (M/maint., aciion)(total maint. agtiopns) (21)
FH
Sinctr total maintenance actions can bhe computed as thw
reciprocal of MTEM mueitiplied by total force flying hours,
or 1/MTBM; (TFFHK >, MMH; can be restated aw:
(BCMH; + PAMH; + BMH; + IMH; ) CL/MTEM;) (TFFHy)

MMM - (22>
CTFFHK )

This simplifies to:

(BCMH,; + PAMH; + BMH, + IMH;>
MMH; = {23)
MV B

By substitution, MMPK now bDecomes:

I'tpmk Y CUR) COVHFAC)
MMP =
(MHPMP) CEFFAC)

Y Nj
>‘“‘ T BOMH; + PAMH; + BMH; + IMH,
(AP D
ot L MTBM
=1 i=t -
. M ;
((Pﬁﬁk)(UR)(OUHFAC) <
' Y MK, (24>
| <MHPMP) CEFFAC) a
= §

Scheduled maintenance manhours cannogt and need not he
ignored. SMH, though, 1s a system level variablie that fits

gutside the LEU leuel iteraztions:

el e T S T A P T T T



CPARy, ) (URDY (TVHFAL SMH

MMP,, =
(MHPMP ) CEFFAC) S
PR 3 CURDY COUHFACD
.q.
. (MHPMP) (EFFAC)
Y NJ
N Q;ﬂ BUMH; + PaMH; + BMM; + IMH,
> (GPa )
(s L MTEM;
J=i =i
M
PR ) CURD COVHFRD) 'K“
+ MMM (25
CMHFMP ) CEFFAC) Z;J
e 1
where:
Sl is the interval in flying hgurs between

scheduled maintenance inspections

Now that the LL.8C manhour {actors have heen brought into
the CORE F equations, only the logistics delay factors

remain. They are presented here again for claritys

MRO manhours per failure to complete on-—
equipment maintenance records

MR manhours per failure to complete oft~
equipment maintenance records

SR average manhouns per failure to compliste
syoply transagtion records

R average manhours 1o complete transporiat. on
transaction forms

two v these, PRU anag PBRE, are ondirect marnieaance {abor

2¢ baoree that can e o rovorparabes oo The maond e

B v B B el




MRF ahould be added as foliowe:

manpower reguirements equation juat looked at.

presented. A before:

(PAAK ) (UR? (OUHFAC) SMH]
MMPy =
L (MHPMP) (EFFAL) sM1
¢ Py 3 CURDY COVHFAC)
+
C(MHPMP) (EFFAC)
Y
(2 MRO + MRF
J=1
Y Nj
V Y“ BCMH; + PAMH; + BMH; + IMH;
Z._..L L{....J m.ml
FES N EN|
M
(PAAK > (UR) (OUHFAC) T i
+ > MHm
| (M OMP> (EFFAC) L
) = | -

Agsuming that

most record Keeping is done as maintenance actions are
completed, and realizing that maintenance actions often

involve more than aone LRU or FLU, it follows that MRO and

(RPa >

(27

To address SR and TR, the pipeline spares equations are

S e T T e ey e T PR R RN R R R
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Y M
o
PSy = ) (Fji (MKL CSTK; I CUC;
i= N ES
Nj
Z(PFFHknami)<Nmsi>wnm’>
+

CUC;)
(MYED; ) (10

Recall that

STK; = Ajt; + 1.6V At (9>

and that

t; = (RTS; MBRCT) + (NRTS; (05T
where ti can also be expressed as:

t; = (RTS;)(BRCT) + NRTS;>(0ST + SR + TR €28)

Sunmmar y

Bt this point, the sxpanded input list for- CORE £

permi ts compuiation of operational avaiiabiliyty and leads *o

modi fied egquatrons tor roaplentshment sparey and maintenance

manpows e Ceguirements. The moditired CORE © outpuats aive

Gipe s 30oomal o auval tabii iy data and two CURE input e Yo s

£y

Crepitantshment spares and grganscatranal 7 anteemedosis

U P T I

it

s seaki ana b s s

B B
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manpower ). Thegse input factors, togzther with CORE F output
/S CORE input values, can be used to derive CORE output for

use in L&AQ /[_\c comparisons between systems.
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Iv. opplications Analywsis

This chapter will present a simp » example of 3 CORE F
application. The calculations involue the modified equations
for maintenance manpower reqguirements, replenishment spares,
and operational availability. The data is, for the most
part, the same set that Gardner used in his modified L5C
application. It comes from the HH-40D Night Hawk program and
represents two alternative avionics packages, as shiown in
Tabie ¥, made up of radar target acgquisition and electraonic

countermeasures subsystems.

Tabile &

The Al ternatives

FLNCTION WUC PACHAGE A PACKAGE B
TARGET

ARCIUISITION 74 LANTI RN AaFG--1 58
ETM 7 APR-~39 AL R-46

Al cost values (UG;) are those that were normalized to
constant rear values by Gardner 1n hi1s earlier effort
L7:40) .

The +i1rst celcuiations are far the repienyshment spares

:

facbtur dfppendrx D). The sprtral btasW was to omnpote bhas
V 3




stock levels (STK} for the operational year, K, (in this
case year 7 is arbitrarily chosen? and for the previous

year, ¥—i (year &). (See Table VI1.,)

Table Vi

Stock Level Results

PACKAGE ¢ PACKAGE B
LANTIRN APR-39 APR-138 ALR-446
ST, 7 2 7 2
STK; k-1 7 2 7’ 2

The next step is to determine tne additional pipeline
spares requirement for pacllage A Ly computling ripealine
spares cost for years 4 and 7 (PSy.qy and PSy>» and then
subtracting the difference to get APSKk. The same is cone for

pacKage B. {3See Table UT1.)

Table VIE

Pipe!ine Spares Results {($7yr)

PAOCKAGE < QUK
LANTIRN 7 afPR- 3¢ APE-198 7 S R-dé
PSS, L9 A,. 738
& i:K | g BE:FI 5 Aol
L&Y SR B2, e0n R TG

RS T

PSP P ¥

[P o
P




wne VTimstations in the data base should be highlighted
at this point. The equation for Ai calls for mean time
De tween demands in the denominator. MTEM, or mean time

between maintenance is used inztead, with the understanding

that MYBD and MTEBM differ in that on equipment maintenance
does not necessarily generate a demxnd on the supply syetem.
This iu turn forces the assumption that no on—equipment

ma i tten. i@ I8 going tuo occur.

Another, more sericus !imitation is that the data set
treats cach system (LANTIRN, APQ-138, ect) as a single LRU.
additionally, there is no SRU data to reflect the cost of in .
shop spares (circuit cards and cother "bits and pieces®). As .

& resuit, Fj (the SRU spares factor) is set equal to 1.

Fus ther, with vach work unit‘code having only une LRU in the "
calculations, rpeated iteraticns for muitiple LRUs become ‘
unnecessary. The iuvantage of this is that data collection
and calculati:nr were simplified considerably and hence, did
not distract truwm the research. The disadvantage of course,

1% a 1 voed departui-e from the real world of multiple LRU

systems and costly SRU stocks. "
The next task is to caliculate replienishment spaivs RS
(REy . This means summing up pipeline spares (AFSy», ‘f?

condsmnation sparss (those that eceplace uynserviceabhle or 3
condamned spares airsady fieided andt in the pipeliine),

paaculiac s common sapper ! sguinment spares, tewl edqus pment




gpared, and replacement support equipment spares. This

calculatinn is sumwmarized in Table VIIT.,

Takble UIILI

Replenishment Spares ($/yr)

PACKAGE & PALKAGE B

RSy 156,060,000 204,018,000

In this exampie, APSM and CBNg #: 2 wet oqual to xero
for simplicity’s sake. PHESy and TEG, «re also zero since
ther do not become acfive variables until »ear eight [8:201,

.

Finally, RSFH, is computed as shown in Table IX.

Table IX

Replenisihment Spares,Flying Hour Results ($7¥h)

MOLRAGE & PROKGGE &

RSy, 1 3ey e Wa- N B

The next serisgs of catouliadions are +or maintenance

mangower costs dfmpendre Rr. Frest, The sambes oy

pir et g argnnuted, {0

marnlensnoe peaple v

NPIETI

LS T T Y T T




Table X

Maintenance Manpowsr Results

PACKAGE A PACKAGE B
23 20
Next, the afficer, airman, civilian breakdowny g m';

computed. ITn each case MMPE, is multipiied by a percentage
factor. Then vhe requirement for sfach catogory i multiptied

by the average pay per year (F&é and Fd7 input factors in - 4

AFR 173-13) to get manpower costs, Note that at the
subsystem level 2l manpower ic sniisted (AMXCE). AMXDK in

terme of CURE factors is: (F7Pl1 + F74,(F&7). {&ege Tabie XI.}

T.ble XI

Maintenance Manpower Costs ($/yr)




praoduct of the subesyetlem avaliabilities (7:801. This result

Pa ahotsn i Table WEI,

Tabxle XII

Operational Availability Resulty

Lantirn .47
BPR-37 . 89

PACKAGE & .41

APGR-1 58 » 31
ALR-44& -1

PACKAGE B A7

I+ we thinkK caretuliy and extrapolate to a weapon
sretem that is made up of numerouy subsystems, traouble
becomes ap arent. As more subsysitem availability ¥figures are
sltiplied together, the result resembies more and more a
geries reliabilitly computation. The weapon system
availability figure is driven to an appallingly lTow ty sel,
The implication ig that i we are *o enjaoy high srstem
availabilitiss, we must have extremelv high subsystem

avatlabitities, (It should be noted that the availabilities

sirganny 1o Tabde I are, 1iKe the costy, relative {igures
meant for cosaparison purposes. Ther mary well be, and

apetel ly sre, arbtidioratiy Vo

&



Finally, the RSFH, and AMXC, cost data are input to the
CORE Model it=elsd to calculate re fenighmeant spares and

aircraftt maintenance manpower

costs. For replenishment spares the algorithm from AFR 173—

13 is:
(FI)(FI)(F40)
where:
Fi it the number of aircraftt (PAA
F3 is ¥lying hours per PR per year
(FH/ PO/ YR)
F40 is replenishment spares cost per fiying

hour (RSFH), ‘n this case computed using
the CORE F mosdel

This algorithm, of course, calculates RSy.
The maintenance manpower algourithms of interest are

£20:1087:

(FZ0Y(F&6) v (F71X{F&)

andl
(F73)F &8y + (F74)(F&2)
where
b7 fao the number of officers assigned to
agrganiyational lTeusl maintenanoe

N TR e eh sl Ervreaditians ittt ot e e Eaacdien Bt b o oo sbonssn Et e Pacs




Féé is averaqe officer pay

Frl is the number of enlisted personnel .'
assigned to organizrational level
maintenance

Fa7 is average eniigsted pay

F73 is the number of officers assigned to
intermediate Tevel maintenance

F74 isa the number of enlisted personnel
assigned to intermediate level

maintenance )

»

Since F70 and F73 equal zero in this case, the

equations reduce to:

(F71 + F74)<{F&7)

which equals AMXC, already computed in CORE F. Hence, *the

summar ized cost data is given in Table XIII.




Table XIII

Swimgnary Cost/ﬁo Data

POCKAGE A PACKAGE B
repienishment spares 130,000,000 204,010,000
maintenance manpowenr 313,721 274,340
tntal cost ($/yr) 178,313,721 204,284,540
operationul 2vailability 41 .47
Summary

The preceding cost/availability data forms the basis
for program managers’ decisions concerning design tradeoffs.
With it, the PM can compare costs and availability rates and

can choose #ither the more available subsystem or, the least

coat ¥.
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V. Findings and Conclusions

The purpose of this research was twofoid; to
investigate the usefulness of operational availability as a
surrogate for supportability, and to determine whether or
not a life cycle cost model using the CAIG approved cost
element structure could be modified to include operational
availability as an output. In so doing, supportability could
be examined tcgether with cost as competing design
configurations are evaluated.

The first research question was pursued by performing a
literature review of DOD and non military documents to find
support for operational availability as a supportability
surrogate. That review found that operational availability
is generally considered one of several tern th vt camn
represent weapon system suppoartability. DOD L v Tive
5000 .39 is most clear on this i svrorc ta ion, Mobre vl
Corner also drow direct linKs betiw o - whability and

avatltabiiity.

The second ressarch gquestion inw P considaer .« ' enre
a¥tort. The USAHF CORE moedel 1o btow "wQica anddidat e o
moditication to include oper i nal ! et b I fae
the task is eased by woek ing v fe o o a0 CUIRE
thhal prosiass Comandn gromeg s I : [
wi Yhe vhe DS meede o bhat o wa RIS cL M A W

ey ? s o & A Fit b s St G i T B S e e 3 bkt b s B . e p

virveneh s s
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of CORE F's equations for replenishment snares a)d
maintenance manpower permitted an expanded variable 1ist to
support the equation for cperational awvailability.
Concurrent with this effort, the trunsform that Gardne-
developed for operationail availability was examined and
changed in two ways., The average logistics delay time
sagnent sxpresses off bas» requisition delays dirferently
arnd is expandad "o include delavs for facilities and support
equipment in an efrort fto more clasel s approximate the

operatronal eruvironmant.

Findings
v

This research led to twoe findings. The f.rst folil wa
from the literaturs review and validated operational
availability as a surrogate for supportability,

The second finding was that the CORE model, through
CORE F, can calculate coperational availability in addition

to coust,

Conclusiong

Three conclusions arise from these findings., The first
conciusion, derived fran atl three findipgs, is that CORE
cen oaid suppoertatiility related decigion waking at the
B L e S St R et o . oo b S s stk e s s b




subsyestem level. This is consistent with DOD directives
which emphasize supportability along with cost, schedule,
and performance.

The second conciusion follows from the first. Because
CORE and CORE F use the CAIG approved cost element
structures, they should be useable in support of DSARC
decisions cancerning both cost and supportabiiity.

The last conclusion summarizes this research and
supports Gardner‘s earlisr effort. N8 he found in the case
of the LSC model, a modified LCC modei allows the program
manager to evaluate cost and availabiiity and take both into
arcourrt in his decigion makKing. He can seekK to maximize
aveiiability subject to cost constraints or he carp minimize

cost and evaluate the potential impact on availability.

Revcmmendgations

The recommendations that follow are a direct outgrowth
af this regearch and are offered iu the hope of nCrsasing
the vizsibility of supportability factors tn futupre
GREVET ey .

Fhe 4irst recompendation 15 that opsratvional
availabiii vy be incorporated into COHE & d COMN F oas shown
hece,. AL tee very deast, this woued 0000 qarefal thaught on

e o v g o
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Second, as Gardner and 3o many others have noted, wqual
emphasis must be placed on cost, schedule, performance, and
supportabitity. With all its attendant difficulties, this
approach 15 the only one that insures a weapon system that
can do its job outside the laboratory.

A5 a last note, Gardner’s proposal that availability
repliace supportability in DOD directives finds no reai
agreement here. There are several wars to measure
gupportability; availability is just one of them. More
re#search needs to be done before other measures are

rejected.

Areas For Future Research

Both this effort and Gardner‘'s addrescsed me thodology
concerns. Now that CORE has been shown capable of
calcuiating availability, it remains to future researchers
to retine this methodcloqy and apply it to more
comprenensive data bases in order to validate its utiiity.,

This research does not include any risk assessment.
Foeture work in this aresa would ltend considerable credence to
the methodology.

Fue ther tnvestigation into duerage Logistics Delay Time
CALDTY as definegd itn the Opevational Avaslabyiity equalion

‘eguatian 1% would help deponsivate the impact of factors

R st Ao e, i s St b B e vae




like FACDEL and SEDEL. élready implicit in those factors, as
presented here, is the potential of facilities and
suppurt/test equipment delays to drive availability down if
facilities and equipment are scarce and a queue should form.
Another apoproach might be to attack the fundamental
weakness of logistics modeis in Qenerai. Logistics planning
factors, some of which are imbedded in this data list, are
often suspect and may or may not he accurate. The data
problem is not trivial. Inaccurate 1 lanning factors in World
War Il contributed to shortages in POL, ammunition, cold
weathor gear, and other essentials in the European Theater
in the late summer and fall of 1944, “his, together with
other logistics difficulties, led te an allied halt jusi
short of the German frontier in Yeptomber [18:14]1. B.H.
Liddel Hart comments on thie Failure to Keep moving in his

Hiztory of the Second World War:

The price that the Allied Grmies paid for the
missed opportunity in early September was very heavy.
Jut of three guartevrs of a million casuval ties which
they suffered in libersting Western Europe, half a
million were after their September check. The cost to
the worlid was much worse—-—millions of mes and women
died by military action and in the concentration camps
of the Germans with the extension of the war. Horeover,
i the looager term, n September the Russian tide had
ngt yet penetrated 1nto Central EBurope [13:58173.

Loorstios olanning fectors were anvestigated in o3 recent

Force Logitstios Management (enter repgort which found that today s

ol

!



planning factors are perhaps no better than they were in World
War 11 [&:2]1.

These factors cover a3 broad spectrum of logistice planning
and decision making of which cost analysis is only a part. The
implicatinons of inaccurate planning tactors are sobering.

Future research might axamine selected factors in an attempt

te verify their accuracy.
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ALDT

AP Sy,

APSNg

AP3Sy

BCME

BRCT

CSESK

AL R18]

APPENDIX A Variable List

is average logistics delay time

ie the additional (deita) pipeline
gpares cost needed to support the
increased number Oof aircraft and the
increased flying hour program associated
with weapon syetem phase—in

iz the additiunal pipeline spares cost
(APSKk? for non—-stock listed "N® items

iz the additional pipeline spares cost
(APS> for stock listed *&8" items

is average manhours to perform x shop
bench checX, screening, and fault
veritication on a removed FLU or LRU
prior o initiating repair acticn or
condemning the item.

is average manhours to perform ‘ e
intermea. 3xte ewe'! (base chop)

maintenance on a removed FLU or LRU

inciuding frult isotation, repair, and B
verification s

is the standard base repair cyvcle time S
in months

s the annual cost for common support
cquipnent Spares

is the annuval condemnat,:on spares cost
for non—stock tisted "M {tems

is the innuval condemnation spares cost
for stock listed "9" temms

te the standard depct repair cyelie time
1n monnthe

Pe an cEFfrgirency factor for mashours

s othe delary factor for reauired

Factiif e
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IMH

MMy,

MF

MRF

MRQG

MTBL

Nj

NRTS

Finyd

it the factor used to calculate SRU (shop
replaceable unity pipeline gspares dol!lar
requirements for the jth 2-digit WUC

is the index identifying each [.RU

is average manhours to pecform corrective
ma ntenance of the FLU or LRU 10 place on
line without removal including fault
isolation, repair and isolation

is an index identifying each 2-digit WUC

is the number of 2-digit WUCs
(21 thru 09>

is the total available manhours penr
person per month

is the number of active btases for each
operational vear, K

is the maintenance manhourg par flying
hour for LRU/FLU “@"

is the maintenance manhours for VIN T+ T 4T o
and general WUCs (0l - 09 for the "mth®
2~digit Wil .

it the maintenance manpower requirement
for operational year, K

average manhours per failiure to complete
orf-equipment m» tenance records

average manhuures per failure to complete
on—equipment maintenance resords

te the mean time betlweesn demands in
#lying hours for the ith LRU

ia the number of | dividual LRUs within
the Jth 2-aigit work un: t code WU

is the froctian aof the 1th LREU removals
nat repar chlie at base ileuvel

13 the standard order acd shappiing Lime
P omanths




or

GUHFAC

Py,

P

aPa

RPLSESy

RTS |

SelL

S

Qi

is operational time

is an ouverhead factor applied for chiet
of maincerance ano PMEL overhead

is the primary avthorized aircrafl per
operational year, K

1% average mannours expended in place on
the installed system for preparation anc
access for the FLU or LRU; for example,
Jacking, upbuttoning, removal of other
uni ts and hookup of support eguipment.

is peak monthly force flving bours
in operaticmal year, K

is total cumsiative pipeline sparen cost
per operational yesar, X

te the annual cost of peculiar support
equioment spares

is the quantity of identical LRUs/FLUs
per aircratft

is the annual cost for replacement
support equipment spares

fraction of removed ith FLUsALRUs
expected to Je repaired at base Jeve.

is the delay factor for required
support  test equipment

18 average manhours to perform a
schhedulend periadic or phased inspection
an the system.

ta the rnterval in flying hours belween
scheduled maintenance inspections

average manhours per faitlure o compliete
supply yransaction records

P stanaony time

total corrertive matntenance time
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TFEH 1 the vatal 4osce clying bhouwes per
operational year, &, o ail delivered
aviroradt .
TR is total pravenvaltive maintenance ©me
TR average menhours per failure to compliete
traneportation transeaction forms
U, g the cumurative average wnit produsiior
wost foar the ith L RU
Uik is the peracetime ulilizatron rate per -
agircratt (hrs./ mo. :
N i5 the wember o Z-digi bt WUCs
CAR thry Y92

—
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1 it the number of aivcoratfc (PAD)

=3 is flying hours per Py per year
CFHAPR 2 YR Y

Fad i replepishment spares cost per f1ying
hour (RSFHY, in this case computed using

F79 is the number of officers assigned to
organizationa! level maintenance

Fast is average afficer pay

F71 i toe number of gnlisted personnel
assighed to organizoational level
maintenance

F&?7 is average enlisted pay

F?3 is the number of officers assignhed to
intermediate level maintenance

Fég 14 the number of enlizted personnel
assigned to intermediate level

s i NI TP THuy (P TRIR RO I e W Y TS s . e
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VARIAGLE NAME

Py
Ur
QJHFAL
MHPMP
EFFAC
SMH
Sl
MRO
MRE
MM
BOMH

Pt i

IMH;
ML,
QPA

MM,

My,

PACKAGE A

LANT I RN

201

38.8 hre/mo
1.120
143.200

0.400

AFPENDIX 81 Input Values

APR--3%

201

38.8 hre/mo
1.120
145.200

0.400

07833 hr

2 Iyr Al
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FACDEL. #x

163,482,485
2920 hes (yr 7)
7270 hrs (yr &)
27

2.93 mao

.70
33 mo
« 374 mo
0303472 mo
0002222 mo
306 hrs
526 hrs
2.0 brs
1.0 hers

93,640

7473.49

F¥20 hrs

7270 hrs

«33 mo

« 394 mo

20003472 mo

0002227 mo

80 hrs
524 hrs
3.0 hrs
1.0 hes
?3,4860

.31

Cve 7D

Cyr A2




VARTIABLE NAME

Py
UR
QUHFAL
MHPMP
EFFAC
SMH
SM1
MRO

MRF

PACKAGE B

APE-158

201

238.8 hrs/mo
i.120
143.200
0.4C0

0

0

.08 hr

24 hr

2.3 hr
.8 hr
1.6 nr
1.4 hr
35 hrs
1

0

R TPTIP N W WY S VR

ALR-44

201

38.8 hrs/mo
1.120
145.200

G .&00

325 hrs

24 Cyr )

v B

1
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uc; ®

PEFH,

NRTS
DRCT
MTBOD;
RT S
BRCT

08T

SR

TR

ot

ST
FﬁﬁDEL %%
SEDEL =¥
TFIFH
CONDé

Fi

249 77
7920 hrg (yr 72
72?0 hrs (ye 6)
.35
2.83 mo

i oo war

+ S0
« 33 mo
<399 mo

.0003472 mo
0002222 mo
8¢ hrs
326 hrs
3.0 brs
1.0 hrs
?2,660 hrs
A8

1%, %57%, 21

TR hes 0y

F2TUH hrs {yr

A

L. 83 o

.80
« 33 mo
- 399 mo

0003472 mo
0002222 mo
86 hrs
526 hrs
3.0 hrs
l.O-hrs

73,640 hrs
. %0

o)

A2

TS S S ST S SV



#*  Normalized cost data (UC{) from An Examipation of Operational
Augilability in Life Cycle Cont Modgls [7:49]

*##%  Subje-tive Estimates

Alt other data is from Appendix B, Ap Examination of Operational
Avallabilicy in LWife Crcle Cost Models (7:6431, ..nd IBM Report 83-
LCC-26 (8],

e
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APPEMDIX C: Eauation List

Equations 7 and 28: Mean Demand Rate per Base

(PFFH) (APA ;)

(My > (MTBD ;)

t; = (RTS;I(BRCTY + NRTS;X(0ST + SR + TR)

(7

(28)

Equation 9: Spares Stockage Level For LRU i (Includes Safety

Ltoeky

O

STK; = At + 1.6V A ¢

Egquation ifl: Pipeline Spares

~

Rt M
Phy = F M )7 (STK YU )

J=4 i=1

N
K“‘(PFFHRF(GPM‘)KM&TSE)(DRQT)
; o Coee © e A T KA .( U(:! )

Lo LMY |

2N

Equation 1l: The Incrament fncreass in Pipeltne
peratronal Vear, K

P L £ - oo, ¥
[ LI TR LTty }
b Bt

(93

Spares for

e e



Equation {2: Replenischmeny Spares per Operat’ons! Year
{ £ p

Wt b i M K K
RS = (APSS, ¢ !APSNy + 1CSSy + 1SNy + IPSESy
fome =3 ka1 k=3 k==H+ 1
K H K
+ ICSESy + !TESy + !RPLSESy <12)
K==1 k=Hel k=1

Equation 13: Replenishment Spares per Flying Hour

RSy,
RSFHy = e
TFFH 13>

Equation 4: Operational Availability

Ao = OT+ST
OT+ST+TPM+ TCHM+ALDT <4)

Equation 19: The Expanded Version of Operational availaiiiity

By = 0T + SV/L0T + 8T
+ (CSMH + BiMH ¢ badid ¢ BMED) CUR/SMI YD

+ CTBOMH ¢ PAMHY + (BMH ¢ IMH ¢ BRCTORTS) (OT/MTBF)

+ C{MRE + MRO 0 G8T + SR o+ TRORTSY(OT/MTBF)
+ FaCDEL + SEDEL G IO

-~ ™ e iy L . 3 VI Y A T T T



Equation 27: Maintenance Manpower for Operational Year, K

{ Pady ) (LR Y COVHFAL) SMH

MMPy = e
(MHPMP) (EFFAC) sl |

{ Py, ) (URD COVHFAC)

+
(MHPMP ) (EFFAC)
Y
i;“ MRO + MRF

-

] s S e i A i
| £ MTEM,
i=1
N; ‘F

v
J

v Tt BOMH; ¢ PAMH, ¢ BMM; ¢ IMH; |

. <omi)1

MTBM, J'_l

) r(Pﬂﬁk)(UR)(DUHFAC)

M
“ 7
+ %' MM, C27)
) (MHFEMP Y (EFFACY Ja——
m=1




APPENDIX D: Calculations For Replenishment Spares

PACKAGE Az

Lantirm,

t; = (.703(.33) + (.273(.0394 + .0003472 + .0002222)
= ,231 + .1043337

.3373337

i

i = (7F200C4) = 11 37931

STK: = (11.37931>(.3373337)

&>
It

6 V(11379313 (. 3375337

<G40PC07 + 3.13371446

it
€%}

= $§.9766133

which rounds to:

N
~
o]
N
o)
A
N
i

o 11.394%84

STK; .q = (11.394984)(.3375337)

1“6AJ(11M394984)<“33?533?}

-

= 3,8441912 + 313278734
4. 59840038

whiyoh rounds to:




AL L DR L e el S R L M B bt A

APR~3% 2
(.92) .33 + (.05)¢.394 + 0003472 + .0002222) ;-

-
[]
¥

L3034 + 0197285

- 3233283

Ni = £79200¢1) = {.3253012
(24)(249)

STK; = (1.3253012)¢.3233285) ,5 

+ 1.6 V(1.3253012)>¢.3233235)
= 4283076 + 1.04734679
= 1.473873%4&

which rounds to:

g

Ni k-1 = 2270248} = (271247

C1.3271267)(.3233285}

o
-
=
=
-
i

L
TR o a
e e

1.6 V(1.3271267) (.3233265)

.A4Z90979 + 1.0480844

i;
i

1.477186%

Hi

which ounds to:

oKk-t TR




PGy = 1“(24)(?)(i63,482"63>

+-<24)<2)(7v4731494 o
+ (7920)(1)(.27)(2.33)(163’482_65) o j
(29) ] ;.;‘_j.i

o (792001009 ¢2.83) (7, 473.49) o
(249> L

ol 4

= &1,97%,738 )

PSy..1 = 1H(22)(7)(163,482.$5)

+ (22)(2)(?,473.49ﬂ

+{:(7270>(1N»37)(2:§§.l(1¢63,4€%2.65)

(29)
o $72792010€.05)¢2.83) (7, 473.49> -
(249) | '

= 54,851,460

APS, = 61,972,738 - 356,851,440 .

= 5,121,278

B R~ i



H+ 1 H+ 1 K [N e
RSy =  1APSS, + TAPSN, + 108G, + LS8Ny + FSESy
K==1 K=3 N K=3 Kbt |
K H K
v+ CSESK ¢+ 1TEG, + 1RPLSESK
=1 K=H+1 K1
whers
n
: is a notation that identifies for each » .», ¥,
k=1 the cost elements that are toc be added.
H is trhre last year of production.
K is the end of operaticnal ltife.
| is the first year of Jdeployment.
K index for operational! year.

APSSK = APSy = 5,121,278
APSNy = O

C8Sy = CSy

Z" }" (TFFHE) (QPA; Y(COND; + CDNP; ) CUC,; ) (Fy»
ISR A MT8D; )

- AP3, 6802 1, 12RS7) (143,482,657 (1.8)
(29

v £93,0600 1) 5137473, 49 (). &)
(2497

w123, 770,000

C8Ny = U (Both APENy and UBNg are set atl zerou to
simplify oaloulationg .

e ome s ariive 0 Fear 30




N w st wmtwemw cpreenwe

CSES, = QUSEy (USEFACK) = 2.883(.04)

= 107, 200
RPILSES;, = RPUSE

4,744

RS = €. 21,279
RS T DR

= 130,000,000

CRELEAG) AL 0420

+ {0y v (124,770,000

(0) + (4,748,

B e vt Bt S Sitham et Ythue s Uil A Fharebi ok I il

LT AR AT

L0729 mal

<

‘<

S0A7LE wmi

Q) + 10

REFHE = RS /TFFH = 130,000,000/92, 660 = $1388/FH

(bbbl Al

il 4

i

s’



.......

AT Al B T

by = (LAGICLEB, ¢+ (.33)(.394 + 0003472 + .0002222)
= L1988 + 1380773

W, FI3ARYCT

Ni L 529203480 o 9.4285714
L2243 (35

STKi = ($.428%5714)(.338409932

+ 1.6'V(9.4285714)(.3360993)
= 3.1468%343 + 2.8648241
= 6.0171773

" which rounds to:

Ni ket = (227001 = 9.4015584
(223 35)

(%.44133584) (., 3380973)

Foainl ¥ >

:s“\i -1
1.6 V(9.4415384) (. 3360993)
= 31733012 + 2.8502019

= 4, 0225031
which rounds to:s

vy
o




-
i

= L2464 + U591 854

3231834

io= (ZP2202C(1) = §.01%38496
(243¢3. O

sTK. = (1.0133846)(.3231834)
i

-

+ 1.6 /(1.0153846)(.3231854)
= ,326137% ¢+ .9165605
= 1.244718

wnich rounds to:

(]
-
X

i

2

-7.-

2

2%

703C1) = {.0147832
(325

R EN

~ e~

)
~

(1.0167832)(.3231834>

i3]
—
S

#

+ 1.6 /(1.9167832)(.3231854)

3284095 + 9171915

i

1.24580
which rounds to:

¥

SVK, gy = 2

C.80XC.33) + (.133(.394 +« .0003472

+

0002222

L N

@1

- EINE .",A .
e
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PGSy == l“(24)(7)(249,?71)

+ (24)(2)(15,575~21)1 b
¢ £7928)¢1)(.35)(2.63) (249,771)
(35)
v (TF200C14.15102.83)(15,575.21) 3
(325) 8
= PF, 852,933 ¥
R
- 5
PSy—g = 1U;22><7><249,??1) )
by
+ (22)(2)(15,575.2D)] o
X
+|7(77'f270)(1)( . 392482.83) (249,771
L (35 :
o $Z2700C1)C 152C2.832¢15,575.21) v
(3232 | ,
= 90,686,076
I
APS, = 98,852,933 ~ 90,686,076 - P
R
N N
. *
¢ 3
L




LSy = $93.460)C1)(.1462¢249, 77121 .8)
(33>

e $23,860)(13¢.A02¢15,57'3.21) ), 2
(325)

= {99, 730,000

R5i = (8,166,832) + (0) + (195,730,000) + <0
+ (02 + C107,240) + (Q) + (4,734)

= 204,010,000

REFMHy, = 2064,010,000/93,48460 = 32178.16/FH




AFPENDIX Er Calculations For Maintengice Mappower Reguirements

PALKAGE A3

Lantirn ~ APR-39:

MR, (iﬁﬁj)(§@$§>(ﬁdiaﬁg <o)y
L (145.2003(0.40)

. iigaz>(§s,azcxegggl
| (145.200) (0. 60>
08 + .24 ¢+ .08+ .24
1250 (345) J

(292

. [(1.3> ¢ CLOB7) ¢ (2.6) + (1.6255) 1y

(o) + €.07833> + (1,23 + (2-7)(1)}
(247> 1

[sgﬁng§§-8><ia1?0> 0]
¢143.200> (.80 ]

+

4’\

(1@0.2&&06){(u0§23ﬁ96) & €.1925345) + (ﬂ01?583?”

= (100.°6006)(.2234379)

i

= 22.401887

which rounds to:

t

MR, = 2R

OFFXCy = (OFFFACY (MMP,) = (.02)(23) = .48
AMXO, = (AENEACY (MM & (L 98 0 23) = 22,54

UMD, = A CUCAPARDD) CMMPL Y = (0323 = §




MMUy = (OFFRCy

+ CCPXE) |

= 318,721
Note that the oftig

1

running compa et on
see & number greate
Breanch Tewel e an

interwmediate toue!

et roued dosen .

JCOFFPYRY + (AMXC) (AMNPYR)

CIWEYY

g fraction i rounded down to 6. I we were

g For ol HH-60 aviorics we would expecy to

mothan | to account for officer manning at

aviconics maintenance Lranch in

ma s s benancy squadrond.

In such

%!
i

an

Case we wongl o

W

P

1

iy

LU

S



ot e e o S

APA-138 / ALR-44:

MMP

+

+

i

i

I
]

MMPK =

OFFXCy

AR, oo

(201)¢F8.82¢1.120) (0)
(145.200) (0 .60

-

€201>¢38.85¢1.120)
(145.2005(0.80)

(.08 + .24 + .08 + .24
L (35) {32%)

(2.3) + (.8) % (1.8 + (1824,
¢33) =

|

(,9) + ¢.5) + (1.98) + (.8§l(1{ﬂ{
[ 4

(325
L<20n(3§,.s><1.120) (oﬂ )

(145.200)¢.60)
(100.26006)[(.01012?5) + (,1742837) + (.0115385ﬂ
(100.26006) (. 1959517> '
19.646129
which rounds to:

20

i

(.02)(26) = .40

CLP8X(20) = 19,6

CMXCy = ()20 = 0

ML, =

0 + (205013727 + 0

274,540



NIXCy corresponds to factors F71, F74, and Fé7 of the USAF CORE

Model given in AFR 173-13. The relatiocuship is:

AMXCy = (F71 + F2435(F&7)

where :
F71 is organizational enlisted manpower
F74 is intermediate enlisted manpower
F&? enlisted pay




APPENDIX F: Cajculations For Qperational Availability

PACKAGE A:

Lantirn:

Ag = (B0 + S26)/(80 + 526 +[<o + 1.3 + .087 + 206)0]
+ {(1.3 + .087) + (2.6 + 1.6255 + 237,6>.?0] (80,297
+ {[(.24 +.08> + .25 + .16 + 283.68).2i

+ 3.0 + 1.0 (80,29

-

£0S
606 + 0 + 470.79959 + 223.51531

it

$06
1300.314¢%

486041

#

APR--39:
fg = (80 + S248)/(80 + 5260 +[(0 + 0.4 + .07833 + 1.2)0}

+ i(.a +.07833) ¢ (1.2 + 2.7 + 237.6).92} (80/249)

-

3
[(.24 + .08) + (.23 + .18 + 283.48).093

L J

!
+ 3.0 + 1.6] (80/249)

N

R o0 6 :
406 + 0 + 71.3534613 + 5.9514484

= 804

o3, 41846

s i LYY
= 304078




PACKAG

i

APR-158:

Aa

ALR-44:

IR T A AL M A Y B At e Aot e b dhaail s ses'els

g:

=t

(B0 + S28)/¢80 + 526) +[<0 p 2.3+ .8 + 1,6>@
[<2u3 +.8) ¢ (1.4 + 1.4 4 23?.6),60] (86/35)
[[(.24 508> + .25 + .16 4 283.68).35]

3.0 + 1.0| <80/35)

606

606 + 0 + 337.035143 + 237.1462%9

e e A g v Tt

5134733

a
(gl + S5242/(80 + 526) +[(0 + .9+ .5 ¢ 1.3)0J

[(.9 + .3) + (1.3 + 85 + 237.6)u80} (847323

[{(.24 + L0B) + (.25 + .1+ zsawéamuxsj

3.0 + 1~G] (80325

604 ‘

fl

406 + 0 + 47.596308 + 11.552042

e 886
&45. 14917

L2110738
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Again, treating the availabilities of twe subsystems are
independent events, the nackayge availabilities are calculated ag

products of the subsystam availabilities.

PACKAGE A:

(.446041) .886428) = .413205
PACKABE B:

(.5134732)(.2110738) = .4478121
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In recent years, interest in weapon system supporfability
has grown tremendously. Coupled with this 1s a complementary
emphasis on life cycle cost analysis. Both arise from a concern
that weapon system ownership costs are extracrdinarily high and
that improved understanding of supportability issues and their
effect on life cycle costs can result nct only in dollar savings,
but in Increased system readiness and capability, These considera-~
tions led to development of a methodology for compa-ing ownership
costs and supportability that anables Program Managers to more
eagily evaluate design tradeoffs. The methodology involves use
of a modified life cycle cost model that yields as outputs both
relative cost and supportability, where operaticnal availability
acts as a measurable surrogate for supportability. The medified
model uses the DOD's CAIG approved cost alement structures for
aircraft in an attempt to use cost/availability output in support
of Nafense Acquisition Rewiew Council (DSARC) wilestoaes. The
mathodology 13 zpplied to a sample data base from the HH-60D
program.
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